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After fertilization most eggs become surrounded by a complex extracellular matrix. This study examines those matrix 
assembly processes that are triggered by fertilization of the sea urchin egg. The study uses antibodies that identify five 
different storage compartments in the egg. These compartments release their protein contents in a highly regulated fashion 
to assemble and modify the extraembryonic layers. The exocytosis sequence begins with a fertilization wave that progresses 
from the site of sperm entry and elevates the fertilization envelope above a water.filled perivitelline space. The immediate 
surface of the zygote then becomes covered by a newly secreted hyaline layer. Prior to fertilization some of the antigens 
are localized to cortical granules. Others are found in "basal laminar vesicles" that are released in a wave beginning at 
about 30 sec, or roughly at the same time as cortical granule exocytosis. The remaining antigens are exocytosed with a 
rather precise timing, but with a delay of several to tens of minutes relative to the first wave of exocytosis. "Apical 
vesicles," so named because antigens from this class are preferentially exocytosed toward the apical cell surface of polarized 
cells, include antigens that are exocytosed beginning at about 5 min postfertilization. The fourth compartment, named 
"echinonectin vesicles" release echinonectin, a protein that is deposited to the inner side of the hyaline layer. Surface 
staining of echinonectin s first detected about 10-15 min following sperm contact. Finally, maternal cadherin, which is 
stored in yet a fifth distinct compartment, is not detected on the surface until at least 30 rain following fertilization. The 
data are also consistent with the notion that the tightly regulated timing of exocytosis contributes to the ordered assembly 
of the hyaline layer and elevation of the fertilization envelope. Finally, two of the vesicle classes continue to exocytose 
after the cells become polarized. In polarized cells apical and basal laminar antigens are trafficked toward opposite sides 
of the same cell after passing through the same trans-Golgi network-like compartment. © 1997 Academic Press 
INTRODUCTION 
A barrage of biochemical events activate the zygote after 
sperm contact. Early descriptions of this activation (Epel, 
1975) have been followed by increasingly detailed cellular 
and biochemical insights (Allen et al., 1992; Galione et al., 
1993a, b; Kuhtreiber et al., 1993; Mcculloh and Chambers, 
1992; Turner et aI., 1986). Egg activation appears to be initi- 
ated by a rapid wave of membrane depolarization, the so- 
called fast block to polyspermy (Mcculloh and Chambers, 
1991). Seconds later a calcium wave sweeps through the 
cytoplasm beginning at the point of sperm entry (Galione 
et al., 1991, 1993a; Lee et al., 1993; Vogel and Zimmerberg, 
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1992; Whalley et aI., 1991). Roughly coincident with the 
progress of the calcium wave, the vitelline layer is altered by 
addition of several proteins, then elevated by the swelling of 
the perivitelhne space, and finally crosslinked covalently to 
be called the fertilization envelope. The perivitelline space 
elevates by an ill-defined mechanism during which water 
is rapidly taken up to swell the space about 150-fold in 
Lytechinus over the course of about 40 sec. Finally, inside 
the perivitelline space the zygote surface is covered by a 
secreted extraeellular matrix called the hyaline layer (Epel, 
1975; McClay and Flnk, 1982; Zimmerberg et al., 1985). In 
addition, during the first few hours following fertilization 
the plasma membrane ofthe zygote acquires adhesion mole- 
cules and other receptors. These molecular changes occur 
as a consequence of secretory release of maternal proteins 
from different storage compartments in the egg. This study 
examines the spatial and temporal precision by which pro- 
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teins from five different storage compartments are recruited 
to the surface of the fertil ized egg. 
The most prominent hyal ine matr ix component is the 
large molecule hyal in which is secreted from the cortical 
granules (Stephens and Kane, 1970). This f i lamentous mole- 
cule has a molecular weight of over 300 kDa and forms a 
mesh-l ike core to the hyal ine layer (Adelson et aI., 1992). 
Other components of the cortical granules also contribute 
to the hyal ine layer and proteins from other intracel lular 
compartments contr ibute to this complex matr ix as well  
(Alliegro et al., 1988, 1992; Coffman and McClay, 1990; 
McClay et al., 1990a; Wessel et aI., 1984). The impl icat ion 
is that the egg has a complicated intracel lular trafficking 
mechanism both for differentially compartmental iz ing pro- 
teins during oogenesis, and for recruit ing these proteins to 
the cell surface following ferti l ization. 
In prel iminary characterization studies of several extra- 
cellular matr ix proteins it appeared as though there might 
be a regulated sequence of secretion. Some of the matr ix 
molecules appeared on the surface at the t ime of cortical 
granule exocytosis, and others appeared minutes later (A1- 
liegro and McClay, 1988; McClay et al., 1990b). We were 
prompted therefore to closely examine the sequence of vesi- 
cle exocytosis using double-label immunof iuorescence and 
other approaches. We find that matr ix and membrane com- 
ponents are stored in at least five different intracel lular 
compartments during oogenesis. Addit ional  compartments 
may exist as more probes become available. These compart- 
ments are moved to specific posit ions in the cell as the egg 
reaches maturity,  which in the sea urchin occurs at the 
t ime of germinal vesicle breakdown. Fert i l ization init iates 
a precise sequence of release beginning with basal laminar 
vesicles and cortical granules. Based on t iming of secretion, 
the hyal ine layer is constructed from the outside in with 
four vesicle classes depositing matrix components in a 
t imed sequence. Ultrastructural  evidence previously has in- 
dicated the presence of up to six layers in the hyal ine layer 
(Morrill et al., 1987). Our data would suggest hat the hya- 
l ine lamellae are constructed in part as a consequence of 
the t iming of vesicle secretion. 
Later in cleavage after the cells of the embryo become 
polarized, the different vesicle classes exocytose contents 
directionally with apical or basal release depending on the 
vesicle subtype. 
MATERIALS AND METHODS 
of species of sea urchin and sand dollar. A polyclonal antibody to 
purified hyalin and made in rabbits was also used in some experi- 
ments IMcClay and Fink, 1982). Antibodies lbl0, lc10, En, and 
8dl 1 are all monoclonal antibodies raised in several fusions using 
L. variagatus extracellular matrix material. Their specificities will 
be described under Results. Antibody to cadherin was generated in
guinea pigs using a bacterially expressed fragment of the protein. 
The antibody recognizes bacterially expressed cadherin and a sea 
urchin protein that is specific for adherens junctions, as would be 
expected for cadherin. It recognizes a native protein on Western 
blots that is consistent with the molecular size of a cadherin, and 
only in cells known to express cadherms (Miller and McClay, 1997). 
When monoclonal antibodies were used, tissue culture superna- 
tants were the source of antibody and these were used at a dilution 
of no more than 1:5. Alternatively, polyclonal antisera were used 
at dilutions of 1:250 and as indicated under Results. 
For immtmofluorescent studies on sectioned material, eggs, or 
embryos were fixed with Black's fixative (1% potassium dichro- 
mate, 2.5 % glacial acetic acid in artificial seawater. Just before use 
add to 2 ml of the above, 0.22 g sucrose and 0.28 ml Formalin). 
Embryos were fixed 1-2 hr and then dehydrated in EtOH, cleared, 
and embedded ill paraffin at 58°C. Sections were rehydrated to 
dH20 prior to addition of the antibody, Alternatively, embryos were 
fixed for whole mount preparations u ing Black's fixative, 1% para- 
formaldehyde, or 100% MeOH (20 mln at -20°C), followed by brief 
rinses in ASW. The several different fixation and staining protocols 
were used in order to assure that the correct antigen expression 
pattern was obtained. We found that the sea urchin eggs are quite 
dense and difficult for antibodies to penetrate. Therefore, sectioned 
material was used when the cellular distribution was in question. 
When the cortical or extracellular distribution of antigen was in 
question, we processed eggs in whole mount. Embryos or sections 
were incubated with monoclonal antibodies (2-8 hr for whole 
mounts, 20 min to 2 hr for sections). Following incubation with 
the antibody, preparations were washed three times with ASW. 
One of the washes included normal goat serum (1:30). Secondary 
antibodies were added at 1:200 using commercial Cy3 goat anti- 
mouse (Jackson) as the fluorescent secondary antibody. Alterna- 
tively Cy3-1abeled secondary antibody to rabbit or guinea pig were 
employed if the primary antibody was from rabbit or guinea pig, 
respectively. For the double-label xperiments in which both pri- 
mary antibodies were mouse monoclonal antibodies, we followed 
the protocol as previously published (Wessel and McClay, 1986). 
When the animal source of primary antibodies differed, we stained 
with the rabbit or guinea pig antibody first and then stained with 
a mouse monoelonal second. For double label preparations control 
single label preparations of both the red and the green fluorescent 
tags were included in order to assure that there was no artifactual 
signal crossover. Confocal microscopy was performed on a Zeiss 
LSM2 microscope. Immunofiuorescence microscopy was per- 
formed on a Nikon or on a Leitz microscope quipped with a 35- 
mm camera that automatically exposed the images. 
Animals. Lytechinus varlagatus was obtained from the Duke 
University Marine Laboratory or from Susan Decker Services (Mi- 
ami, FL). Gametes were obtained by intracoelomic rejection of 0.5 
M KC1. All handling of eggs and sperm were conducted at room 
temperature (22-24°C), and fertilizations were performed in artifi- 
cial seawater (ASW) (McClay, 1986). 
Monoclonal antibodies. Tg183, an antibody specific for hyalin, 
was raised by D. Adelson against hyahn from the Hawaiian species 
Tripneustes gratdla. Tg183 recognizes hyalin from a large number 
RESULTS 
When the Oocyte Matures, Intracellular 
Compartments Shift Positions 
Prior to germinal vesicle breakdown (GVBD), cortical 
granules are deep within the cytoplasm (Fig. 1). With GVBD 
the egg matures and coincidental ly cortical granules move 
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FIG. 1. Distribution of vesicles during oogenesis. (A) Cortical granules accumulate throughout the cytoplasm in the oocyte and then 
shift to a cortical posiuon in the egg after germinal vesicle breakdown (GVBD, lower egg in A). (B) Basal laminar vesicles tained with 
lbl0 are found throughout the oocyte (top) and egg (bottom). (C) Apical vesicles are concentrated in the cortex in oocytes (top) but those 
vesicles hift to stain the entire cytoplasm after GVBD (bottom). These sections were part of a series of double-stained pairs as stained 
with monoclonal antibodies; every combination was used to distinguish between vesicles that contain the same or different anugens IB 
and C are one of those pairs). The example shown in D is a section that was double stained with the cortical granule marker (green) and 
the basal aminar vesicle marker (red}. (E) A confocal image of the cortical region of an egg double stained with antibody to hyalin and 
basal aminar vesicles to show at higher power than D that the basal aminar vesicles are distract from the cortical granules even in the 
cortical region. 
to the inner surface of the plasma membrane of the egg (Fig. 
1A). Basal laminar vesicles have a nonuniform size and are 
throughout the cytoplasm all through oogenesis (Fig. 1B). 
Also with maturation of the egg, apical vesicles (Alliegro 
and MeClay, 1988), which are concentrated in the cortical 
region prior to GVBD, move throughout the cytoplasm after 
GVBD (Alliegro and McClay, 1988) (Fig. 1C). Double-stain- 
ing of sections or of whole-mount eggs of each antigen com- 
bination revealed that there are five different compartments 
in the egg containing these antigens (Figs. 1D and 1E and 
data not shown). The other vesicles included in the present 
study appear during early stages of oogenesis, at different 
onset times, but through much of oogenesis accumulation 
of all the five classes of vesicles occurs concurrently. This 
eliminates the possibility that only one of the vesicle 
classes is being accumulated at any given time. Instead, 
since all the vesicles appear to be made at once, the proteins 
must be differentially trafficked to the several vesicular 
compartments. 
Four of the vesicle compartments described above ulti- 
mately contribute proteins to the hyaline layer. A fifth com- 
partment was identified with an antibody to sea urchin 
cadherin, a maternally stored adhesion molecule that is re- 
leased later beneath the hyaline layer (Fig. 2). The cadherin 
antibody was obtained after cloning a homolog to mamma- 
lian cadherins (Miller and McClay, 1997). An antibody to a 
bacterially expressed fusion protein of cadherin was shown 
to stain adherens junctions pecifically (Miller and McClay, 
1997), and here is shown to be present in eggs in a compart- 
ment that is independent from any of the other vesicular 
compartments contributing to the hyahne layer. 
The Hyaline Layer Assembles from Proteins of 
Several Different Vesicle Classes 
After fertilization, the hyaline layer is secreted and assem- 
bled on the immediate surface of the zygote. In the micro- 
scope and on gels of isolated hyaline layers this extraembry- 
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FIG. 2. Cadhenn is in a compartment distinct from cortical granules, basal aminar vesicles, apical vesicles, and echinonectin vesicles. 
Shown are double-stained laser-scanned confocal images of eggs tained with cadherin (green in each image) and (A) cortical granules, (B)
basal laminar vesicles, (C) apical vesicles, (D) echinonectin. The inset in A shows an en face confocal section of the cortical region to
show that the cortical granule vesicles are distinct from the vesicles containmg cadherin. 
onic matrix appears to be quite complex and is composed of 
a number of proteins (Hall and Vacquier, 1982~ Morrill et 
aI., 1987). Many of these proteins are identified specifically 
with different antibodies in our collection. After learning 
that the five different punctate intracellular patterns of vesi- 
cles indicated that hyaline layer antigens are stored in multi- 
ple compartments in the egg, we decided to look at the dy- 
namics of hyaline layer assembly. Preliminary observations 
revealed that not all components were added to the hyaline 
layer at he same time. Rather, the several compartments 
appeared to be exoeytosed in a regulated temporal sequence. 
To time the exocytotic sequence we chose antibody markers 
to each of the four compartments and to the cadherin-con- 
raining compartment. A monoclonal antibody that identifies 
hyalin as the cortical granule marker (Adelson and Hum- 
phreys, 1988) was used to follow cortical granules. A second 
vesicle class has been termed "basal laminar vesicles" be- 
cause antigens in this class eventually are deposited exclu- 
sively toward the basal end of polarized cells. In the egg, 
however, these vesicles are also exocytosed and contribute 
proteins to the hyaline layer. For these experiments we used 
a monoclonal antibody, lbl0, that recognizes an oligosac- 
eharide on several basal aminar vesicle glycoproteins (Wes- 
sel et al., 1984). Since the egg is not yet polarized, if basal 
laminar vesicles are exocytosed after fertilization, their only 
trafficking option is toward the egg surface. A third class of 
vesicle, called "apical vesicles" (Alliegro and McClay, 1988), 
contains antigens recognized by two antibodies, lc l0 and 
8dl 1. Most of the carbohydrate antigens recognized by these 
antibodies are found in the apical vesicles prior to fertiliza- 
tion (Nelson and McClay, 1988), but one antigen of this class 
is associated with the vitelline layer in the unfertilized egg. 
That antigen disappears from the surface in the first few 
minutes after fertilization and is not retained during the 
fixation, mounting, and sectioning of the fixed eggs. The 
apical vesicle class in the egg exocytoses antigens toward 
the surface of the zygote and toward the apical surface of 
the embryo throughout early development. As the fourth 
class of intracellular vesicle, "echinonectin vesicles" con- 
tain the protein eehinoneetin and no other known proteins 
{Alliegro et al., 1988). Ultrastructural evidence supports the 
descriptor vesicle for the first three classes [cortical granules, 
basal laminar vesicle, and apical vesicle) [Vacquier, 1975; 
Wessel et al., 1984), but there is no evidence for (or against) 
echinonectin being contained within a membranous com- 
partment. Therefore, we use the term vesicle provisionally. 
Cortical "granules" actually are vesicles, but were named 
long before it was known that there might be a distraction 
between vesicles and granules, and the name has been main- 
tained by tradition. Finally, double staining data support the 
presence of a fifth class of vesicle containing cadherin in its 
membrane (Miller and McClay, 1997) (Fig. 2). We distinguish 
this class as a separate compartment from the others since 
double-staining shows cadherin to be contained in vesicles 
that are not coincident with hyalin, lbl0 antigens, lc l0 
antigen, or echinonectin (Fig. 2). 
We first asked whether the hyaline layer is assembled 
by a random sequence of exocytosis of the several vesicle 
classes, whether the several classes are exocytosed simulta- 
neously in a wave coincident with cortical granule exo- 
cytosis, or whether exocytosis and hyaline assembly is stag- 
gered as a regulated sequence of exocytosis. A timed series 
of fixations followed by double-label immunofluoreseence 
permitted us to distinguish between these possibilities. 
In order to find when each class of vesicle releases its 
contents onto the cell surface after fertilization, eggs were 
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fixed at intervals after sperm entry using synchronous 
batches of eggs. The eggs were then sectioned and double 
stained to compare, pairwise, exocytosis of each vesicle class 
relative to the others. For some pairs the double staining was 
difficult technically since both antibodies were monoclonal, 
but a technique developed by Wessel and McClay (1986) 
allowed us successfully to double stain the same section 
with two different monoclonal antibodies. This approach, 
therefore, allowed us to avoid any interpretive problems due 
to slight asynchrony of fertilization. Each of the antibodies 
were compared pairwise at multiple intervals after addition 
of sperm. Figure 3 shows examples from that study to show 
critical periods and relationships in the exocytotic sequence. 
At about 30-40 sec following sperm entry, antigen from the 
basal aminar vesicle class has been exocytosed toabout half 
way around the embryo (Fig. 3B). In the same egg hyalin, 
from cortical granules, appears on the surface of the egg as 
well (Fig. 3A). Although it appears that basal aminar mate- 
rial is secreted ahead of hyalin, we know secretion within a 
given sector of the egg lasts for about 30 sec, following first 
release in that sector (Matese and McClay, unpublished 
data). Therefore, it is likely that most of the basal laminar 
secretory release in that given sector overlaps with hyalin 
release. Cortical granules and basal laminar vesicles are 
completely released around the entire circumference of the 
zygote by about 60 sec postfertilization. Figure 3C and 3D 
show that the apical and echinonectin vesicles have not yet 
released material during this same 30-see interval In fact, 
5 rain later, after hyalin and basal laminar antigens have 
surrounded the zygote for about 4 rain (Figs. 3E and 3F), 
there still is no evidence of apical vesicle or echinonectin 
material on the surface (Figs. 3G and 3H). 
Beginning shortly after the 5-min time point apical mate- 
rial begins to be inserted onto the surface (data not shown), 
so that by 15 min there is a distinct presence of apical mate- 
rial as well as the first appearance of echinonectin which 
begins to be inserted sometime between l0 and 15 rain post- 
insemination (Figs. 3K and 3L). These secretory events do 
not repeat he circumferential wave seen with hyalin. In- 
stead they occur all around the egg simultaneously. By 30 
min after fertilization, the gradual accumulation of echino- 
nectin has joined the basal laminar material on the zygote 
surface (Fig. 3P). Cadherin is detected in intracellular vesi- 
cles in eggs but is not seen on the surface in abundance until 
the two-cell stage (Fig. 4A). A low level of surface cadherin 
may accumulate before first division but the surface cadh- 
erin is not extensive until late in first cleavage in the area 
of contact between the two blastomeres (Fig. 4B). Then, at 
the four-cell stage, the cadherin molecule is found in the 
broad surface area of contact between the four cells (Fig. 4C). 
Later still, we have shown the cadherin to become localized 
to adherens junctions (Miller and McClay, 1997). 
When Cells Become Polarized Apical and Basal 
Laminar Vesicles DirectionaUy Exocytose Their 
Contents 
The lb10 monoclonal antibody was selected as a marker 
originally because it recognized the basal lamina and lcl0 
was selected because it recognized the apical lamina with 
a strong staining preference. In ceils actively synthesizing 
these proteins, both are first recognized by the monoclonal 
antibodies, presumably when they have oligosaccharides 
added, in a prominent intracellular spot of staining that 
probably corresponds to the position of the trans-Golgi net- 
work (Fig. 5). Both apical and basal antigens appear to origi- 
nate in this same vesicular complex. From there selective 
trafficking to the apical and basal laminar surfaces occurs. 
The vesicles providing the transport apparently sort out the 
antigens and then distribute them to one surface. 
DISCUSSION 
The Hyaline Layer Is Assembled by the Sequential 
Release of Several Classes of Vesicle 
The staining data indicate that successive xocytoses of
four separate vesicle classes following fertilization supplies 
the proteins that are assembled into the hyaline layer. The 
exocytosis of each class is tightly regulated such that basal 
laminar vesicles are released with cortical granules in the 
progressive f rtilization wave. Minutes later, vesicles con- 
raining apical laminar antigens add their contents to the 
inside of this hyaline matrix. Finally, minutes after the api- 
cal vesicles, echinonectin s added to the matrix. The regu- 
lated exocytosis of these four vesicle classes plus the later 
release of cadherm from yet another vesicle class thus re- 
veals a highly organized sequence of events that modify the 
egg surface after fertihzation (Fig. 6). 
A number of conclusions follow from this series of obser- 
vations. First, the egg must be highly compartmentalized 
during oogenesis. In addition to the five vesicle classes de- 
scribed here other vesicular compartments within the egg 
include yolk granules, pigment granules, and acidic vesicles 
]Allen et al., 1992; Alliegro and McClay, 1988; Mallya et 
al., 1992). Also, spectrin-containing vesicles (Fishkine et aI., 
1990) and integrin-containing vesicles (P. L. Hertzler and 
D. R. McClay, unpublished observations) may be additional 
compartments, though the appropriate xperiments have 
not been performed to establish vesicular independence for 
the compartments containing these other proteins. Never- 
theless, the probable existence of at least eight compart- 
ments means that the oocyte must have many highly spe- 
cific intracellular sorting mechanisms in order to correctly 
sequester ach of a number of proteins into separate vesicu- 
lar compartments. The oocyte, therefore, is a cell that is 
highly specialized for intracellular t afficking and selective 
compartmentalization of proteins. 
In addition to timing of release, the cytoplasmic move- 
ment of the several vesicle classes is highly organized and 
specific. Some classes of vesicles are rearranged atgerminal 
vesicle breakdown and then moved again after fertilization 
in a specific sequence. Of importance, ach class of vesicle 
is moved spatially and temporally according to its own 
schedule, and the positional shifts observed are not just 
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FIG. 3. A comparison of the timing of vesicle release after femlization for the four vesicle classes. In descending order in each column 
is shown the release of each class at 45 sec, 5 min, 15 rain, 30 rain, and at gastrulation. From left to right the first column shows the 
sequence ofrelease of cortical granules (as stained with antihyalin), basal lammar vesicles (as stained with lbl0), apical vesicles (as stained 
with lcl0), and echinonectin vesicles (as stained with antiechinonectin). I  the top row hyalin and basal aminar material are being 
deposited on the surface during the fertilization wave (A, B) with no exocytotic activity et seen from either the apical vesicles (C) or the 
echmonectin vesicles (D). At 5 rain apical vesicle material and echinonectin are still not exocytosed (G and H}. By 15 min (third row) the 
hyalin and basal aminar material have been deposited for more than 14 rain, and now the apical material is deposited (K) and one sees 
the first evidence of echinonectin at the surface {L). By 30 min the echinonectin material has accumulated on the surface (P). At the 
gastrula stage it can be seen that hyalin (Q), apical (S), and echinoneetin a tigens (T) are distributed m the hyahn layer while the basal 
laminar material lines the blastocoel, m addition to remaining within the hyaline layer from the earlier elease (R). With the apical and 
echinonectin a tibodies, long exposures reveal cytoplasmic staining but no surface staining (C, D, G, H). The first evidence ofechmoneetin 
at the surface is seen in L in a long exposure that hghts up both the cytoplasm and the surface. In all other eggs shown, short exposures 
reveal the surface staining at exposures too short to see cytoplasmic material. 
random cytoplasmic vesicular movements. Cortical gran- 
ules and apical vesicles, for example, are moved at germinal 
vesicle breakdown but in opposite directions to take up 
new positions in the oocyte. After fertilization, vesicles are 
recruited to the egg surface at different imes and pigment 
granules also are moved to new locations within the cyto- 
plasm (Allen et aI., 1992 I. These observations i dicate that 
the vesicles must engage in a highly organized series of 
Copyr ight  © i997 by Academic  Press Al l  r ights of reproduct :on m any form reserved 
22 Matese, Black, and McCIay 
vesicular transport mechanisms that are activated at differ- 
ent times. Proteins known to be involved in vesicular moti l-  
i ty such as kinesins and rabs have been at least part ial ly 
characterized in sea urchin eggs {Buster and Scholey, 1991; 
Cole eta]., 1992; Wedaman et al., 1993; Wright et al., 1991) 
and are known to associate with vesicles by immunof luo-  
rescence. Therefore, there are candidate trafficking proteins 
that may well  account for the abundance of selective traf- 
ficking. Earlier data from our lab suggest that apical vesicles 
are trafficked to the surface on actin f i laments {Alliegro and 
MeClay, 1988). Clearly, much remains to be learned about 
the intraeel lular mechanism of sorting proteins into each 
of these various vesicle classes, and associating the correct 
motor  proteins with a vesicle class. 
The third set of conclusions from these observations i
that there appear to be dist inct vesicles that traffic proteins 
to the apical and basal surface of the cells after cell polar ity 
is established. Whether the basal laminar vesicles that exo- 
cytose onto the surface of the egg are functional ly the same 
as the basal laminar vesicles that exocytose their contents 
later onto the basal end of polarized cells in the embryo is 
not known. One could argue that because the group of anti- 
gens in the basal laminar vesicles of the egg are the same 
antigens as those released by polarized blastomeres, the ves- 
icle must  be the same both before and after ferti l ization. If
they are identical, how are the basal laminar vesicles first 
recruited and fused to the egg surface and then exclusively 
to the basal surface of cells later on? An obvious possibi l i ty 
is that the egg is not polarized, at least as far as one can 
tell, so the early exocytosis could be by some default mecha- 
nism that does not require polarity signals. Also, apical vesi- 
.A apical 
J~ID, E lamina 
FIG. 4. Cadherin appears on the zygote surface well after fertiliza- 
tion. (A) Though cadherm is present in unfertilized eggs, at 45 rain 
postfertihzation (shown here) there is little if any cadherin on the 
surface. (B) Late m the two-cell stage cadherin becomes concen- 
trated at the site of cell contact. (C) At the four-cell stage eadherin 
is well estabhshed at sites of cell-cell contact, though adherens 
junctions have not yet appeared. 
FIG. 5. Apical and basal aminar material is secreted simultane- 
ously by cells of the blastula. (A) Diagram showing three cells with 
a prominent tra•s-Golgi network depicted at the apical end of the 
cell. The cells are covered by an apical amina on their apical sur- 
face and a basal amina on the basal side. The diagram also shows 
the plane of section for the images depicted m B-F. (B and C) 
Glancing confocal optical sections through the apical surface show- 
ing the same prominant intracellular spot to stains for 1 c 10 (arrow- 
head m B) and lbl0 (arrowhead in C). That spot is just beneath the 
apical surface layer of lc l0 (B}. An optical cross section of the same 
cells (diagrammed in A) shows the vesicles to be just beneath the 
apical surface (arrowhead in D and E). The apical antibody also 
stains the apical surface (D), while the basal laminar annbody stains 
the basal side of the cell in D. 
cles may or may not be the same in the egg as those apical 
vesicles that secrete lc l0-bear ing oligosaccharides later on 
in development. In this case it easier to assume that these 
vesicles are the same both times. They always exocytose 
toward the hyal ine layer and they continue to release glyeo- 
proteins containing the 1 c l 0 epitope. An interesting feature 
of both the apical and the basal laminar vesicles is that the 
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FIG. 6. Model of sequential vesicle release. In the oocyte the four veszcle classes are distributed throughout the cytoplasm with the 
apical veszcles being concentrated near the surface. After GVBD the co tical granules move t  the cortex and the apical vesicles become 
equally distributed. After fertilization, beginning at the site of sperm entry, the basal laminar material and shortly thereafter the hyalin 
material are released onto the surface as the fertilization wave progresses around the egg. By 1 rain the fertilization envelope (FE)surrounds 
the egg and the zygote is covered by the hyaline layer with the basal laminar material on its surface. At 10 rain postinsemination the 
apical laminar material is viszble on the surface as a consequence of secretion that begins at about 5 rain postinseminat]on. At 30 rain 
all four layers are present on the surface with eehinonectin being secreted beginning between 10 and 15 rain postinsemination. Later, at 
the two-cell stage, there is the first definitive appearance of cadherin on the surface after being compartmentalized in the gg in a vesicle 
class distinct from the four described above. 
suite of glycoproteins bearing the oligosaccharide epitopes 
recognized by lbl0 and lc10 changes during development. 
From the immunofluorescent data the lc l0 and the lbl0 
epitope are both acquired by the vesicle proteins in the 
trans-Golgi network. Presumably, glycosyltransferases add 
the lc 10 epitope to the apical vesicle glycoproteins and they 
are then trafficked to the apical vesicles, or add the lbl0 
epitope and they are trafficked to the basal aminar vesicles. 
It ]s not known whether addition of either oligosaccharide 
is important or is linked mechanistically to the intracellular 
trafficking of the glycoproteins that bear the epitope. 
The regulated exocytosis observed here is certainly not 
unique. Many cell types display regulated secretory pro- 
cesses that are triggered by specific cellular events. For ex- 
ample, chromaffin cell secretion, mast cell degranulation, 
and synaptic vesicle release are all precisely regulated secre- 
tory events (Aridor et al., 1993; Chasserot-Golaz et al., 1996; 
Chavez et al., 1996; Decker, 1981; Jorgensen et al., 1995; 
Sehiavo et aI., 1995). Synaptic vesicles are released only at 
precise locations in the cell. Polarized secretion has been 
demonstrated in a number of cell types, especially in MDCK 
cells which have been studied extensively in vitro (Fiedler 
et al., 1995). Each of the events observed in the regulated 
exocytosls of vesicles in the sea urchin egg is parallel to 
similar regulated events in other cell types. Those other 
systems are quite advanced in terms of a molecular under- 
standing of exocytosis mechanism. What makes the sea ur- 
chin system unique and of potential value is that there are 
at least five different classes of vesicle that are exocytosed 
in a precisely regulated sequence initiated by sperm entry 
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and propagated as a wave. Calcium is involved in the early 
secretion of vesicles in the sea urchin egg (Whalley et aI., 
1991}, as it is in the secretion of other vesicles as well 
(Fiedler et al., 1995; Guo et ai., 1996; Rettig et aI., 1996; 
Sheng et al., 1996; Sugita et al., 1996). An important ques- 
tion that will need to be addressed is how the exocytotic 
events are differentially regulated for the several classes of 
vesicle. 
Hyaline Layer Function May Depend upon an 
Organized Assembly of Proteins 
Basal aminar vesicles are released with hyalin but depos- 
ited on the outside of the hyaline matrix. Apical vesicle 
material is deposited inside the hyalin, and finally echino- 
nectin is found in the innermost lamella next to the zygote 
plasma membrane and is released last. Though the actual 
distribution of these matrix materials is probably not subdi- 
vided cleanly into lamellae with sharp boundaries, their 
relative distribution could play important functional roles. 
Shortly after fertilization the embryo undergoes a wave of 
microvillus elongation (Schroeder, 1986). The tips of the 
microvi]li nsert well into the hyaline layer to contact hya- 
lin. The plasma membrane to either side of each microvillus 
is in contact with echinonectin. If one adds hyalin antibody 
known to block cell-hyalin adhesion, the mierovilli pull 
away from the hyalin and the embryo shrinks away from 
the hyaline layer at the volumetric expense of the blastocoel 
(Adelson et al., 1992; Adelson and Humphreys, 1988). Thus, 
in a very real sense the embryo appears to use the hyaline 
layer as its extraembryonic adhesive substrate at least until 
gastrulation. This notion is further supported in measure- 
ments of adhesion (Burdsal et al., 1991; Fink and McClay, 
1985; McClay and Fink, 1982). Cells adhere to hyalin and to 
echinonectin. If adhesion to either is inhibited, gastrulation 
does not ensue (Adelson and Humphreys, 1988; Burdsal et 
al., 1991). The hyaline layer has been proposed to be used 
as a substrate for cell migration toward the vegetal plate 
leading to the site of invagination. Such a movement has 
been suggested to force the buckling at the vegetal plate to 
initiate the invagination movements (Burke et aI., 1991; 
Nakajima and Burke, 1996). Direct observation shows cells 
of the veg 1 and veg 2 lineages moving along the vegetal 
plate prior to their entry into the archenteron (Logan and 
McClay, in press). It is not clear, however, whether these 
cells migrate over a stationary hyaline substrate, or whether 
that substrate is attached and moves along with the cells. 
At some point the basal amina takes over the major role 
of providing an adhesive substrate for the ectodermal layer. 
Matrix is first secreted basally coincident with the attain- 
ment of cell polarity (Nelson and McClay, 1988; 8chroeder, 
1988). This occurs early in cleavage with a visible basal 
laminar extracellular matrix seen by the 16-cell stage. By 
the mesenchyme blastula stage evidence suggests that the 
extracellular matrix lining the blastocoel is being used as a 
functional substrate for cell motility (Fink and McClay, 
1985; Hardin, 1988; Solursh and Lane, 1988; Solursh et aI., 
1986; Wessel and McClay, 1987). Exocytosis of basal lami- 
nar material is directed from a single intracellular spot in 
each ectoderm cell overlying the basal amina. The size and 
location of that spot suggests that it may be the trans-Golgi 
network. From there, in polarized cells, the matrix material 
moves in vesicles to the basal surface of the cells where 
it is exocytosed and used as an adhesive substrate. When 
primary mesenchyme c lls ingress and become motile they 
use the basal amina as a substrate. Time lapse observations 
and annbody blocking data support his conclusion (Add- 
son and Humphreys, 1988; Ingersoll and Ettensohn, 1994). 
Finally, because the egg is a totipotent stem cell, to the 
naive it is often thought of as being totally undifferentiated. 
While it is totipotent, he egg clearly is not an undifferenti- 
ated cell. In addition to harboring the mechanistic apparatus 
that receives the sperm and initiates development, the egg 
also contains a highly sophisticated mechanism for sorting 
proteins and packaging them into a number of compart- 
ments. It then establishes mechanisms that assure the cor- 
rect activation, recruitment, and delivery of these proteins 
to the correct argets. As such the egg provides an excellent 
model with which to study the ordered mechanisms of in- 
tracellular trafficking, exocytosis, and matrix assembly. 
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